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Abstract 
The possibility of rapid adjustment of mass production of systems for acoustic pulmonary monitoring and symptomatic 
assistance to those affected by COVID-19 in the most difficult situation of the pandemic is considered. 
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1. Formulation of the problem 
Under the difficult conditions of the pandemic of 
COVID-19, the problem of instrumental and 
technical support of doctors dealing with issues of 
diagnostics and symptomatic assistance to patients 
with coronavirus infection become urgent. 
Traditionally, acoustic methods of lung condition 
monitoring, which are the main methods for 
diagnosing first-line patients, play an important role 
among the diversity of diagnostic methods. Features 
of the spread of COVID-19 desease during the 
pandemic indicate feasibility of creating specialized 
pandemic systems for acoustic control and 
symptomatic assistance, which, given their mass 
production and use, could reach every doctor in the 
most remote places and help diagnose and treat 
symptoms of first-line patients before getting them 
to inpatient treatment complexes, which have 
sophisticated modern medical equipment. 
Specifically to solve these problems, at the 
National Aviation University and the National 
Medical University of Ukraine, a system for acoustic 
pulmonary monitoring and symptomatic assistance 
to the patients affected with COVID-19 was created 
under the unifying logo "Trembita-Corona NAU". 
2. Analysis of research and publications 
 
Analysis of the literature has shown the widespread 
use of acoustic methods for controlling the lung 
disease of patients with coronavirus. At the first line 
of diagnosis of patients, doctors use conventional 
phonendoscopes to evaluate patients’ lesion 
condition by hearing [1]. Percussion diagnostic 
methods are also widespread [2]. However, with 
these methods of diagnosis, the doctor is at risk 
through direct contact with the patient. Existing 
devices for receiving acoustic information via 
electronic systems are not adapted to the 
requirements of pandemics, as they require special 
disinfection to which they are not adapted. There is a 
huge problem of early diagnosis of lungs by acoustic 
methods, especially in children in the early stage of 
the lesion, when the ribs cover the source of the 
acoustic signal of the affected area [3]. There is no 
known information regarding the acoustic methods 
of symptomatic care for COVID-19 infected lungs. 
The purpose of this article is to demonstrate the 
possibility to create, mass produce, and widespread 
use of systems for monitoring and diagnosis of 
affected by COVID-19 persons and to provide them 
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symptomatic assistance, including conditions when 
doctors are restricted to only remote care of patients 
due to induced by the pandemic compelled transition 
to telemedicine. 
 
3. Article text 
 
Specially for solving problems of remote diagnosis 
and symptomatic assistance to COVID-19 patients 
with acoustic methods, the system "Trembita-
Corona NAU" is created, which consists of separate 
modules that can perform complex and independent 
tasks of diagnosis, monitoring and symptomatic 
help. The system consists of four main modules. The 
Trembita-Corona M module is designed for remote 
acoustic pulmonary monitoring with a remote 
acoustic information processing center. The 
Trembita-Corona BISS module is a more powerful 
system of acoustic pulmonary monitoring with the 
possibility of localization of the areas of lesions, 
including in the areas behind ribs. Module 
"Trembita-Corona P" is actually an automated 
complex that has the ability to assess the lungs of 
patients by percussion in the absence of direct 
contact of the doctor's fingers with the patient. The 
"Trembita-Corona AS" module provides 
symptomatic assistance to patients with pneumonia 
by influencing the affected areas of the lungs with 
acoustic vibrations of a certain frequency spectrum, 
which helps to clear the interalveoli zones from the 
fluid that accumulates in these areas and is hard to 
remove with coughing. 
Fig. 1. shows the appearance of the acoustic 
receiver unit and block diagram of the operation of 
the module "Trembita-Corona M" intended for 
remote acoustic monitoring of the lungs with a 
remote processing center of acoustic information. 
 
 
 
 
 
Fig. 1. The appearance of the acoustic receiver unit and 
block diagram of the operation of the module  
"Trembita-Corona M" 
The acoustic receiver unit of the Trembita-
Corona M module consists of a microphone unit, a 
pre-amplification and matching unit, and a data 
transmission unit. 
A feature of the microphone assembly with the 
connection cable is its complete tightness, which 
allows it to be disinfected in any disinfectant 
solution at a disinfection temperature of not more 
than 90°C. Disinfection in alcohol solutions by 
immersion at any time according to the disinfection 
protocols is recommended. 
The pre-amplification and matching unit and the 
data transmission unit are located under the 
physician's protective suit, i.e. in the area 
conditionally considered as safe from the point of 
view of possible danger of contamination spread. 
The data transmission unit digitizes the received 
signal and transmits it. Data is transmitted to the 
acoustic data analysis center via Wi-Fi, Blutooth or 
wireless telephone networks. Once the information 
is received, the data center processes the information 
received and transmits it in real time for later use, 
including the ability to display it on the monitor of 
the data center. If necessary, the acoustic 
information processing center transmits in the 
opposite direction to the data transmission unit, 
which can be displayed on the monitor screen or in 
audio form. Feedback promptly provides the 
operator with the necessary information. 
Module "Trembita-Corona BISS", functional 
diagram of which is shown in Fig. 2, is a more 
powerful system of acoustic monitoring of the lungs 
with the ability to locate the areas of lesions, 
including in the areas behind ribs. 
 
 
 
 
 
Fig. 2. General outline of the proposed method of acoustic 
control of the condition and damage to the lungs 
The essence of the proposed method of control is 
recording and analysis of acoustic oscillations using 
at least two receivers. After processing these signals, 
we find both the nature and characteristic features of 
these oscillations, and calculate the direction and 
position of the source of these oscillations by 
acoustic triangulation of this signal, which allows to 
accurately determine the location of the lesion in the 
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lungs. If to carry out measuements in many 
locations, it is possible to draw an overall picture of 
the lung condition in real time. A general block 
diagram of the proposed method of acoustic 
pulmonary monitoring is shown in Fig. 2. 
As shown in the block diagram, during the lungs 
1 functioning, in the affected areas 2 of lungs 1 
oscillations in the acoustic frequency range are 
emerging and propagating in the patient’s chest 3. 
The frequency spectrum of these oscillations 
depends on the parameters of respiration and the 
state of the lungs. These oscillations cause further 
propagating acoustic waves in the air environment 
and acoustic waves in the body of patients 4 and 5. 
The most promising is the use for the analysis of 
acoustic waves in the body 4 and 5, as information 
about the state of the lungs carried by acoustic 
waves propagating in the air environment may be 
interfered with acoustic radiation from other sources. 
Acoustic oscillation sensors 6 and 7 perceive 
these acoustic oscillations 4 and 5 and transmit the 
corresponding electrical analog signals along the 
communication lines to the matching unit and the 
digital-to-analog conversion unit 8. The 
microprocessor unit of analysis of acoustic signals 9 
provides an opportunity to analyze the spectrum and 
draw conclusions about the state of lungs. 
Microprocessor positioning unit 10, having analyzed 
and comparing the arrival time of acoustic 
oscillations 4 and 5 to the acoustic oscillation 
sensors 6 and 7 respectively, and applying the 
received coordinate information to the location 
coordinate of the lungs and acoustic oscillation 
sensors 4 and 5, issues to the operational unit 11 
calculated position of the source of acoustic 
vibrations and information regarding the state of the 
lungs. The location of the acoustic oscillation 
transducers across the ribs makes it possible to 
monitor the condition of the lungs in the areas behind 
ribs over the entire surface of the patient's chest. 
Module "Trembita-Corona P" is actually an 
automated complex that gives the ability to assess 
the lungs of patients by percussion in the absence of 
direct contact of the doctor's fingers with the patient. 
The essence of the proposed method of control is 
the loading of the controlled area of contact with 
variable mechanical loading by means of an indenter, 
the oscillation frequency of which lies in the audio 
frequency range, and registering response of this 
system. When carrying out control measurements at 
many points, it is possible to draw an overall picture 
of the lungs state in the contact area. 
The conducted mathematical modeling, which 
theoretically proved the possibility of control, 
allowed to develop an experimental model of the 
control device, which consists of two blocks, namely 
an electromechanical sensor with an indenter and a 
block of electronic control and indication. 
The general view of the electromechanical 
system of the developed device is shown in Fig. 3. 
The instrument cover is removed. The 
electromechanical sensor of the device is mounted 
on a plastic housing 1, which is a U-shaped profile, 
the inner part of which is used to position the main 
elements. In the slot of the housing 1 two housing 
holder membranes are glued, where the left holder is 
a housing of displacement sensor 2 of the indenter 3, 
made in the form of a cylindrical rod with a 
sharpened end. The core of the indenter is made of 
instrumental elastic steel. The right holder is also the 
housing of the electromagnetic oscillation device 4 
of the indenter 3. To the membranes of the 
displacement sensor 2 and the electromagnetic 
oscillation device 4, indenter 3 is mounted on the 
sliding hinges 5, the backlash in which is 
compensated by adjusting screws 6. 
 
 
 
 
 
Fig. 3. General view of the electromechanical sensor of 
the device 
 
In the right side of the housing 1 is a coil spring-
electromagnetic loader 7 and the optical system of 
the position sensor 8 of the indenter 3 with a 
spherical thimble. 
The electromagnetic oscillation device 4 of the 
indenter 3 is an electric coil with a resistance of 
65 Ω, with a copper wire of 0.2 mm thickness which 
is wound on a U-shaped metal frame made of special 
transformer steel. The metal U-shaped core is 
magnetized by a permanent magnet located near the 
free U-shaped part of the coil such that the 
diaphragm that defines oscillations of the indenter 3 
closes the alternating magnetic field that is generated 
by the passage of alternating electric current through 
the coil. The form of alternating current passing 
through the coil determines the variable form of 
oscillation of the membrane, which is transmitted to 
the indenter 3. Thus, by specifying the form of 
current passing through the coil, we set the 
frequency and form of oscillations of the indenter. 
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The displacement sensor 2 is a membrane which 
oscillates together with the indenter 3 and creates 
around it acoustic vibrations in a special cavity of 
the sensor, which are detected by a highly sensitive 
microphone of the condenser type with the 
polarization of one of the covers of this condenser 
microphone. 
Thus, the high sensitivity of such the sensor is 
achieved. This sensor design allows for accurate 
estimation of the elastic vibrations of the indenter 3. 
The spring-electromagnetic loader 7 is an 
electrical coil that creates a permanent 
electromagnetic field and, by pushing the end of the 
indenter 3, which is made of metal, provides a 
constant load at the end of the indenter 3, pressing it 
with a fixed load to the area under study. The initial 
load of the indenter is specified by a micro spring 
located inside the coil. The original shape of the coil 
with its relatively large length compared to the 
diameter of the metal end of the indenter 3 provides 
electronic control of the current through the coil 
fixed clamping of the indenter 3 to the area under 
study. The optical system of the sensor of position 8 
of the indenter 3 is an optical system consisting of 
light and photodiodes, which work to reflect light 
from the rear mirror end of the indenter 3, and 
provides electronic control of the current passing 
through the coil so that the indenter 3 is always in 
the same position while providing the specified 
clamping force in the area under study. The 
positioning accuracy of the indenter is 0.1 mm with 
an indenter length of 120 mm. This design ensures 
the constancy of geometric shapes of the oscillating 
system of the indenter 3 in combination with the 
loader 4 and the oscillation sensor 2 with an 
accuracy of 0.1%, which determines the accuracy of 
the developed device. 
The plastic housing 1 of the electromechanical 
sensor of the device in the folded state is closed by a 
figured plastic cover, in which holes are made for 
access to the adjusting screws 6, and the protective 
figured outlet of the pointed end of the indenter 3. 
The plastic housing 1 and the figured plastic cover 
are fixed to each other by the original plastic clamps 
of the squeeze action. The displacement sensor 2 and 
the electromagnetic oscillation device 4 are closed 
by special cylindrical plastic covers that attach to the 
housings of the threaded membrane holders. The 
special cylindrical plastic lids have openings through 
which special copper nuts are contacted, to which 
the power wires of these devices are connected to 
the outer parts. This design provides access to the 
internal parts of the displacement sensor 2 and the 
electromagnetic oscillation device 4 to adjust them. 
The multi-stranded shielded wire 9 
electromechanical sensor of the device is connected 
to the electronic control unit and display of the 
device. To protect the output of the wire from 
bending on the sensor housing is a cylindrical 
protrusion. 
Module "Trembita-Corona АС" is developed by 
analogy to systems of reduction of consequences of 
oxygen poisoning of crew members of military 
planes after long-term use of oxygen masks. The 
module function is based on influence on the 
affected areas of lungs of acoustic vibrations of a 
certain frequency spectrum, which helps to clear the 
inter-alveolar zones from the fluid that accumulates 
in these areas and is hard to remove with coughing. 
The system is characterized by the fact that the body 
with the affected lungs itself generates oscillations 
of the muscles that facilitate the removal of fluid 
from the lungs, which are recorded by acoustic 
receivers, and after analyzing them in digital form, 
the selection of the useful signal and its 
amplification, are fed by electromagnetic radiators 
of mechanical oscillations to the area of the lesion 
zone. 
Remote diagnosis and symptomatic care system 
for COVID-19 patients with acoustic methods of 
"Trembita-Corona NAU" type was tested on 
volunteers and showed full functional performance 
and reliability. 
The moral and ethical aspects of the medical use 
of the systems of remote diagnosis and symptomatic 
assistance to patients with COVID-19 acoustic 
methods "Trembita-Corona NAU" type were not 
considered in this work. 
4. Conclusions 
The possibility of rapid adjustment of mass 
production of systems for acoustic monitoring of the 
lungs condition and symptomatic assistance to those 
affected by COVID-19 in the most difficult situation 
of a pandemic is shown. 
The system is not certified and further clinical 
trials are required. 
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